Background: There is no clear consensus in the few studies to have explored the relationship
INTRODUCTION
Poor lung function, typically indexed by low forced expiratory volume (FEV 1 ), has been shown to predict all-cause and cause specific mortality (1-3), even in non-smokers (4, 5) .
Mental health problems, most noticeably MDD and GAD, are prominent contributors to overall societal disease burden (6, 7) . Further, both depression and anxiety have been implicated in diseases such as asthma (8, 9) and chronic obstructive pulmonary disease (10, 11), both of which are characterized by impaired FEV 1 . However, there is a distinct shortage of studies examining the relationship between objectively measured lung function and psychiatric morbidity particularly in non-clinical samples. Lower lung function was related to increased prevalence of symptoms of depression, but not anxiety, in analysis of 5,544 US adults (12). In contrast, in a study of 2,443 young Australians, MDD and GAD were not associated with FEV 1 , although both were related to an increased prevalence of asthma and greater asthma medication use (8). Given the paucity of available evidence, as well as its inconsistency, we examined the relationship between MDD and GAD, measured by standard psychiatric assessment, and lung function in a large, well characterized cohort of US army veterans. It is worth noting that in this cohort GAD has proved to be as strong, if not stronger, a predictor than MDD of health outcomes such as all-cause and cardiovascular disease mortality (13) , metabolic syndrome (14) and hypertension (15) . However, in general, GAD has received far less attention in the context of physical health outcomes than MDD.
MATERIALS AND METHODS

Participants
The sample size was 4,256; the participants were all male. Ethical approval for the study was given by various bodies, including the US Centers for Disease Control. Details of sampling at each stage of data collection have been described elsewhere (13) . In brief, inclusion criteria were: entered military service between January 1, 1965 and December 31, 1971; served only one term of enlistment; served at least 16 weeks of active duty; earned a military specialty other than "trainee" or "duty soldier"; had a military pay grade at discharge no higher than sergeant.
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Data Collection
Information on place of service, and ethnicity was extracted from the military archives. From the subsequent telephone survey, socio-economic position was measured using household income in midlife and the grade from which participants left school. Frequency of alcohol consumption was classified as number of units per week. Smoking habits and marital status were ascertained using standard questions. Participants were asked whether they had a range of physician-diagnosed diseases including hypertension, cancer, coronary heart disease, and diabetes.
Mean age at medical examination was 38.3 years (range: 31.1 to 49.0) and the average length of time between demobilization and the medical examination was 15.8 years (range 9.1 to 20.5). This time lag was highly correlated with age at the medical examination, r (4254) = .73, p <.001. Height and weight were measured. intensification of symptoms when exposed to similar events. The diagnosis of a panic disorder requires recurrent panic attacks manifested by the sudden onset of intense apprehension, fear, or terror, often associated with feelings of impending doom. The most common symptoms experienced during an attack are: breathing difficulty; heart pounding; chest pain or discomfort; choking or smothering sensations; dizziness; feelings of unreality; tingling in the hands or feet; hot and cold flushes; sweating; faintness; trembling or shaking; and fear of dying.
Statistical Analysis
Demographic, service, health behaviour and status variables were compared between those with and without GAD and MDD using χ 2 and ANOVAs. Correlation and ANOVA were used to examine the association between FEV 1 and the various covariates. ANCOVA was used to examine the relationships between MDD, GAD, and FEV 1 , first in age and height adjusted analyses, and then in analyses additionally adjusting for weight, place of service, ethnicity, marital status, alcohol consumption, smoking, household income, education grade, and diagnosed major illness (cancer, coronary heart disease, diabetes, hypertension). Partial η 2 is reported as a measure of effect size. One hundred and fifty three (4%) of the veterans had co-morbid GAD and MDD. ANCOVA, adjusting for age and height, comparing those who were co-morbid, those with GAD alone, MDD alone, and neither condition, yielded a significant group effect, F(3,4250) = 7.02, p < .001, η 2 = .005; post hoc analyses indicated that those who had co-morbidity and those with GAD alone had poorer lung function than those with neither condition (p < .05 in each case).
RESULTS
Main Analyses
This effect is illustrated in Figure 1 . However, it is important to note the overall groups effect was no longer statistically significant in the fully adjusted model, F(3,4241) = 2.15, p = .09, η 2 = .002. In order to explore the impact of utilizing alternative computations of lung function, FEV 1 was also computed as FEV 1 /height 2 (17) and as percentage of predicted FEV 1 using a standard algorithm to calculate predicted FEV 1 (18). In these analyses, the results were almost identical to those previously reported; GAD was more strongly and robustly associated with lung function than was MDD.
[Insert Table 1 and Figure 1 about here]
Supplementary Analyses
Supplementary analyses were conducted to examine the relationship between FEV 1 and other psychological measures. In all of these, fully adjusted models were tested. The associations The present results apparently contrast with those reported from the two previous studies.
However, the first of these was concerned with symptoms of anxiety and depression, measured on a general well-being scale, and not with psychiatric status (12). The second, although focusing on MDD and GAD, examined a much younger sample; average age 20 years with a narrow range (8). Although a modest association between MDD and lung function was evident for males, there was no association for females, and no association for the sample as a whole.
Thus, the fact that the present study included only men is unlikely to account for discrepancies in the findings. It is possible that associations between psychiatric morbidity and lung function only appear later in middle age when lung function might be expected to start to decline.
However, the similarity in average FEV 1 between the two studies argues against this. The present findings also resonate with those from experimental studies showing that induced negative emotions elicit bronchoconstriction, particularly in asthma patients (22) (23) (24) .
However, it is not clear whether such increased airway resistance effects are specific to negative affect, as they have also been observed with pleasant affective stimuli (25) .
The present results for GAD, though, are certainly in accord with those from other analyses of this dataset which showed it to be as strong, if not stronger, a predictor than MDD of allcause and cardiovascular mortality (13) , metabolic syndrome (14) , and hypertension (15) .
More recently, we have also shown in this cohort that another psychological factor, low cognitive ability in early adulthood, predicts poor lung function in middle age (26) . Other analyses of the Vietnam Experience Study by members of our group have shown that low cognitive ability is also associated with metabolic syndrome (27) and greater all-cause mortality (28) . In this context, it is worth noting that the present association between GAD and FEV 1 remained statistically significant when cognitive ability was added as a covariate in the fully adjusted model, p = .02. Accordingly, GAD and low cognitive ability would seem to be largely independent correlates of poorer lung function and other health outcomes.
With cross-sectional analyses it is impossible to determine the direction or causality of the association. If anxiety precedes poor lung function, there is at least one pathway through which it might contribute to impaired FEV 1 . Anxiety has been associated with unhealthy behaviour, such as smoking, binge drinking, physical inactivity, and unhealthy diet which could compromise lung function (29) . However, despite the fact that participants with GAD consumed more units of alcohol per week and were more likely to be current smokers, the present association between GAD and FEV 1 remained significant after adjustment for smoking and alcohol consumption. It is likely, however, that we have not captured lifetime exposure to such behaviours. Alternatively, it is possible that the causal pathway is from low FEV 1 to GAD. Clinically, it has been observed that conditions associated with impaired lung function elicit distress, which is a salient presentation in GAD (8). Finally, it is possible that low FEV 1 and GAD have common antecedents. Poor lung function has been regarded as a marker of early life adversity including exposure to suboptimal nutrition, poverty, chronic childhood illness and psychosocial stress (4) . The extent of earlier stress exposure has also been linked to GAD (30) .
The present study may have other limitations. First, as the sample was exclusively male, it is unknown to what extent the same relationships would have been seen in women. Second, there was a relatively narrow age range. Nevertheless, the range was sufficient to afford a significant association between age and FEV 1 , r = -.14, p <.001. Third, that we did not find an association between FEV 1 and MDD in the fully adjusted analyses might also reflect lower power, since there were a fewer number of participants with MDD. Fourth, spirometry is an effortdependent technique and this may pose particular problems when testing individuals with serious mental health problems. Accordingly, replication with effort-independent lung function The present analysis showed that GAD was negatively associated with lung function in Vietnam veterans. Depression has been the main focus for studies of mental health and physical health outcomes. The present findings, added to those from our earlier analyses of this cohort (13) (14) (15) , suggest that future research should perhaps pay equal attention to GAD. .002
